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JP 50-25608 

[Note- Very poor copy of the original Names, addresses, company names and brand 
!«2\ arlZaZatedin the most common manner. Japanese language does not have 
TgulZ^rZorll unless otherwise specified by a numeral prefix or a general form 
of plurality suffix.] 

Description of the Invention 

1. Name of the Invention 

Manufacturing Method for High Melt Point Glass Body 

2. Scope of the Claims 

Manufacturing method for the preparation ^^f^^ 0 ^^^ 
the fact that a sintered body from a mixed matenal that is an A1203 - Ln203 system 
(where Ln represents rare earth metal element and yttrium element), which is difficult to 
form a glass state, and which is formed as relative to the fine powder matenal of o> 
AU09 one type or two or more types of any Ln203 fine powder matenaJs, are added, is 
heated at a temperature of approximately 2500oC or higher, and preferably at a 
Mature of 3000oC or higher using an arc plasma flame, and it is melted, and this is 
thenrapidly cooled and a transparent to visible light beam ceramics glass body is 
obtained continuously. 

3. Detailed Description of the Invention 

The present invention is an invention about a large scale manufacturing method where a 
high melting point oxide material, which is difficult to form a glass state, and its system, 
are melted by using an arc plasma flame and this material is supplied in the gap between 
cooling rolls that are rotating at a high speed, and it is rapidly cooled and ,t ^becomes a 
material in a glass state, and a ceramic glass body that Is transparent to visible tight is 
obtained. 

Amona the many oxide compounds, as it is well known, as the components that easily 
to a glats state there areB203, Si02, Ge02, P205, As205. etc. The present invention 
is an invention whereby relative to this, improves the rapid cooling methods used 
according to the previous technology relative to the oxide compounds and Uieir systems, 
which are difficult to form a glass state, like for example, A1203 - Ln203 (where Ln 
represents rare earth metal element and yttrium element), and it uses an arc plasma fiame 
and an impact quenching etc., high speed cooling method, and it realizes a new Al-Ln-O 
glass state. 

Namely, it is an invention that suggests a manufacturing method for the preparation of a 
glass body from an A1203 - Ln203 system (where Ln represents rare earth metal 
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According to the previous technology, ana according Anm . fl . 

MOOoC or higher jiang an ^^r^^^^gapbctween cooling roU. 
obtained continuously. 

Here below, an explanation will be provided relative to the manufacturing of A1203 - 
Ln203 system glass body. 

Granulated below 325 mesh (45 microns), fine powder form high ««» * 

„ TuoHnd Ln203 were mixed at different mole ratios, and sintered bodies wth a 

to ftf r^t^iSl material i* . gla» material wa. started by using a pol«eed 
vJ5%teo*Ml* X- Ray diffraction and an electron microscope. According to the 
%£SZ£iS£Xm microbe, tha experimental material was placed Un ft. 
$£ZL orthogonal Nicol asm an ***** "T^ZZ^^Z 

S obse^S to die^fewing filed by the eleemm microscope 
r.nte£S material observed. In Fignre 1 the electron beam diffraction 
^5ST3S experimental materia from *e Al-Ui-0 «M i-d« £•> 
image v.riguw ' , _ 2 ) are presented. The phenomenon of crystallization of 

temoerauire of lOOOoC for different number of hours was studied by using X ray 
SSS^The Suits from that are shown in Figure 2. From the above^described 

determine that the experimental material obtained by using 
£ ^^Sscribed equipment is a glass material. Regarding such glass material, it is 

bmi£^ 

W an Ta^'regSingme Ln element, usually, the elements that ate present in 
fcS latency are ^ *. AH^ 

where Ln is Sm, Eu and Yb and these elements are present in a bivalent state, it is 
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considered that a coloration is developed. In Figure 3 the obtained glass material is 
presented. 

The coloration of the obtained Ln-Al-0 system glass is according to the described here 
below. 

Color 

Ln-Al-O 

colorless 

La-Al-0 colorless 
Ce-Al-0 pale green co i or 

Pr-Al-O pale blue color 

Nd-Al-0 brown c0 i or 

Sm-Al-O yellow color 

Eu-Al-O colorless 
Gd-Al-0 colorless 
Tb-Ai-O colorless 
Dy-Al-0 colorless 
Ho-Al-O pa le orange color 

Er-Al-0 colorle88 
Tm-Al-O pale brown color 

Yb-Al-0 colorless 

Lu - AI ;? colorless 
Y-A1-0 

Regarding the glass materials that is obtained by using the above described gl^matenal 
mE£££L installation, and using an oxide material or its system that are difficult to 
^"late Sespect'ive of the type of the used Al-Ln-0 system, it * ^pated 
hafthe^are materials that have properties that are different from 
trials obtained according to the previous technology from glass, B203, Si02, etc., 
SSSlM from the standpoint of the optical, electric and magneuc 
Dronerties they are materials that can play an extremely important role in the different 
SpSof\he electronic memory related technologies and also in other processing 
technologies. 

Practical Examples 

The manufacturing of high melting point ceramic glass materials uses me equipment 
p^e^dSing to Figure 4. Here below an explanation will be provided by using the 

figure. 

In the figure, 1 represents a chuck whereby in order to produce the glass material, the 
smSredtedy experimental material can be moved in the up and down direction wiAm 
toe ofagram Also, in the figure, 2 represents the sintered rod. The ^material u«d in order 
to obtainme glass material, is a material where less than 325 mesh dispersity, fine 
powder form ctrA1203 and Ln203, for example, La203, powder are weighed at the 
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commending mole ratio, and after that these are well mixed and combined by using a 
SSgSld this material is press molded in a cylindrical shape with d>mens,on, 
on Zn diameter x 50 mm, and this cylinder shape matenal is sintered ^mperature 
of anDroximately lOOOoC for a period of 20 hours in an air atmosphere. The cylinder 
£SSS^Ld body 2 Ts grasped by the chuck 1 so that as .shown according to 
Presented in Figure 1, its front end is introduced into an arc plasma flame. 3 
JSS art plasma flame (with a temperature of at or above 
OTOtfM* it is at a temperature of approximately 2500oC or above and ^rably^ 
fs at or above approximately 3000oC. 4 represents the arc plasma nozzle, 5 represents the 
roUa ^SSTftK pS is cooled by water, and that rotates at 1000 rpm or higher, and 
™nere by ^e motion in P the left and right direction, it is possible to adjust the thickness of 
medass material. The molten material obtained from the sintered body enters in the gap 
between m^two roller that are rotating at a speed of approximately 1000 rpm, and from 
Sierra transparent glass material with a thickness of approximately to is 
obtained The obtained glass material has a diameter in the range of 50 - 100 mm. 
Moreover ™ e d3b of the cooling part are shown in Figure 5. 6 (in Figure 4) represents 
^e experimental material controlling device, 7 represents the produced glass matenal. 
This glass material is collected in the receptacle tray 8. 

In Figure 5, 9 represents the motor used for the rotation, 10 represents the entrance in the 
cooling pan where the cooling part used cooling water is transported, 1 1 represents £s 
exit owning The cooling water enters through the above described opening 10 close to 
Z roKide part separation wall 12 and it cools the roller surface. The water that has 
a somewhat higher temperature is directed to exit through the exit opening 1 1 by 13, 
which is close to the axis part. 

Moreover, in Figure 6, a schematic diagram is shown of the essential parts of the device 
generating the above described argon arc plasma. If we are to provide a simple 
description, through the protection gas nozzle 14, as a protective gas 15, for example, a 
Sxedgrcontaining 93volume % Ar and 7 volume % H2 is used 16 represent the melt 
injection head, 17 represents the cooling water. 18 represents the plasma gas (Ar), 19 
represents the a tungsten electrode (- electrode), 20 represents a high frequency wave 21 
represents the electric source for the pilot arc, 23 represents the electric source for the 
melt injection arc. 23 represents a switch, 24 represents an arc plasma flame, 25 
represents a (+electrode). 

After that, the glass material that is obtained by using this equipment is presented in 
Figure 3. 

In the case of this glass material, it can obtained from all rare earth type elements and 
yttrium element (Y) and also, it can obtained from almost all the mole ratios of the ct- 
A1203 and Ln203, however, it is preferred that relative to 1 mole of the 0C-A12O3, the 
amount oftheLn203 is within the range ofO.l - 10 moles. The confirmation of the glass 
state of the material was conducted by using polarized light microscope, X ray diffraction 
and electron beam diffraction. 
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miooscopically good slasa ™£ — « " «*«• *« ls 

microscope, it is confimwdthatcv^whcn ^^penm^ it u, a good 

no change in f'^K^A'Sffr&TL . niaauremen. condocred by 
gta v TS^^L S C»l£Xi™ to the manufactured gla» matanal arte It 
S SJSSSTESLl neatmen. for ft. tin* period aa shown * rhe fiS ure, and 
this studies the conditions of the crystallization. 

4. it h flfi been described he* above, according to the present invention it is possible to 

^SBH^^ie^rr^rsru 

£ S using foTexample a method where this molten material .a 
™Sv cooled inThe space beween rotating at a high speed cooling rollers and a 

£X? and the* to he rapid cooling method, the equipment shown according to 
Rg^ 7 uThas a structure formed from a water cooled piston 26 and an anvil 27, was 
used. 

ReEardine the a-A1203 and Nd203 that are used as the material, they are both >ni*arid* 
whl^purity level is at least 99.9 % or higher, and also they « » 

a fine DOWder form. The mole ratio of both materials, namely, a-A 203:Nd203 = x 1, 
wherl x w^S tne range of 1 and 10. Both materials were well pulverized, mixed 

aXS 

with a thickness of 1 mm and a diameter of 5 mm. were formed. These PJ^te were 
l^mdin an air atmosphere at a temperature of lOOOoC for a period of 5 hours. The 
pXS 28 o?t£ experimental material were placed inside a manufactured from 
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ru oiston as shown according to Figure 7, and they were melted by the plasma flame 25 

, « \T tVlt . u-at-r cooled bv the cooling water 30 piston 26 and the 
tSS^^wt^**^* the spring 31 and the electro-magnet 
!JS SZ), and the molten material is enclosed in the space between the 
Z aSs rapfd^ooled. Moreover, in this case, the above described plasma flame 25 
is discharged from the plasma torch 32. 

ReeardinE the produced glass material, at a diameter of approximately 5 mm and a 
Sts apP^ximately 1 micron, it is a material that is transparent to visible light 
hZ ?n JaTmaterial obtained from the (X-A1203 : Nd203 = 6:1 experimental 
Sa?w^ubff S a an orthoscope observation by thepolarized light microscopic 
mfmod tathe space between orthogonal Nicol, and the same way as in the above 
Ascribed practical example, even if the stage was rotated, there was no change in the 
fmage^nS. Then, through the X ray diffraction pattern, and the electron beam 
dtffSction image, only a halo pattern was observed. Then, when using an electton 
the bright viewing field image there were no intervening materials 
^diagram presenting me results from the X ^™™s^ 
of thVcrvstaUization phenomenon in the case when the above described Al-Nd-0 system 
elpenmSal mSrialwas annealed at a temperature of lOOOoC for different number of 
hours (CuKa radiation, (using Ni filter), pulse height analysis). 

From the above described it is confirmed that the isotropic properties possessing 
materials that are obtained from the 6<x-A1203. Nd203 obtained from each of the above 
described experimental materials, are glass materials. 

4, Brief Explanation of the Figures 

Figure 1-1 represents the electron beam diffraction pattern (150 kV) of the Al-U-0 type 
SfsTmateriaH Figure 1-2 represents its bright viewing field pattern (x 62500); Figure 2 
^"he'results^ 

5L by the X ray diffraction method. Figure 3 represents a photograph of ^ till .piece of 
the Al-Ln-0 type glass material. Figure 4 represents the glass material manufacturing 
equipment according to the first practical example of the present invention. Figure > 5 
represents a front view diagram where one part of the inner part of the cooUng^ler S 
from Figure 4, has been cut open. Figure 6 represents a schematic diagram showing die 
essential parts of the argon arc plasma generating equipment according to the present 
invention. Figure 7 is a glass manufacturing equipment related to 
implementation example according to the present invention. Figure 8 is a line chart 
diagram showing the results from the X ray diffraction measurements of the 
crystallization of the same Al-Nd-0 type glass. 

j ti C huck for the sintered body of the experimental material, 

2 '."sintered rod, 3 argon arc plasma flame, 

4 arc plasma nozzle, 5 cooling roller, 

<i" experimental material controlling device, 
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. , ,^oi a glass material 

7 synthesized glass matenal, 8 ..cooling water entrance 

* i *~«f o motor, iu 

receptacle tray, 9 . coohn g water exit opening, 

°P«»ng, 11 inn er part perimeter vicinity. 13 inner part 

S8^;vc::3'v.... gas no**, discbargp 

15 protective gas, 16.... a (Ar)j 

i j n cooling water, 18 VV'XA high 

^ ad ' 17 .tungsten electrode (-electrode), 20 "V 

19 • electric source for the pilot arc, 

23 4 ^:V;" 6 piston, 

25 roller (+ electrode), 26 * plasma flame, 

27 anvil,28 P* P 

30.;;;:::::....... coolingwater,31 ««* 

22 plasma torch. 
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5. Record of the Appended documents 

(1) Description }«>py 

(2) Figures 1 copy 

(3) Application copy 1 original 

(4) Power of attorney 1 co P v 

6. Other than the above described invention authors, patent applicants or 
representatives 

Patent Assignee: (Toho) Research Institute Iron and Steel 

TrwtoedbyAUvnaBlageviW) 735-1461 (H), (651) 704-7946M) 

12/07/04 
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